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Abstract 
Nickel Aluminium Bronze (NAB) alloys have been used extensively in marine applications such as propellers, couplings, pump 
casings and pump impellers due to their enhanced mechanical properties such as tensile strength, creep resistance and corrosion 
resistance. However, there have been several instances of in-service failures of the alloy due to high cycle fatigue (HCF). The 
present research aims at characterizing the HCF behavior of as-cast NAB at room temperature in the presence of casting defects 
by analysing the effect of variation in mean stress and the influence of size and location of defects on the HCF life of NAB. A 
significant decrease in the HCF life was observed with an increase in the tensile mean stress, irrespective of the defect size. 
Further, a considerable drop in the HCF life was observed with an increase in the size of defects and proximity of the defects to 
the surface. However, the surface proximity was seen to override the influence of defect size and maximum cyclic stress. 
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1. Introduction 
 
 Nickel-aluminum bronze (NAB) is a copper-based quaternary alloy containing Al, Ni and Fe as the major 
alloying element [1]. Excellent corrosion resistance, coupled with good tensile strength make it the material of 
choice for marine applications including propellers, pump impellers, pump casings, couplings, valves and sub-
surface platforms. The casting procedure [2] leads to a complicated microstructure because of the varying cooling 
rates associated with large castings. This leads to non-uniform microstructures that degrade the material properties 
and performance. In addition, gas evolution during solidification and cooling results in porosity, which further 
deteriorates the strength and corrosion resistance [1]. The defects that develop during manufacturing processes 
depend on factors such as materials, part design and processing techniques. 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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 Investigations pertaining to the influence of casting defects on the high cycle fatigue (HCF) behaviour are 
scarce [3-5]. Linder et al. [3], working on an aluminium alloy, concluded that the fatigue strength of smooth 
specimens cast through both sand casting and permanent mould casting decreases by upto 15% with increased 
porosity levels. Fintová et al. [4] used an approach of Large Extreme Value Distribution (LEVD) of porosities to 
predict the largest defect size and correlated the same with the fatigue data obtained. Nadot et al. [5] while carrying 
out the fatigue life assessment of a nodular cast iron containing casting defects reported that the size and position of 
defects are important factors governing fatigue life. They showed that a specimen with an internal defect exhibits 
almost similar life as that with a surface defect, 10 times smaller in size. This confirms that surface proximity is of 
greater significance in deciding the HCF life, rather than the size of the defects. 
 
 In view of the above, the present work is aimed at characterizing the HCF behaviour of NAB as a function 
of mean stress, size and location of casting defects. In addition, the HCF data were utilized for developing a S-N 
curve as a function of failure probability through statistical evaluation. 
2. Experimental 
 
 
 The NAB alloy castings were supplied by M/s. Sri Balaji Alloys, Chennai in the form of blanks of 
dimensions, 25×25×110 mm. The chemical composition, determined using wet chemical analysis, is provided in 
Table-1. 
 
 Cylindrical specimens with a gauge length of 25 mm and a gauge diameter of 10 mm were used for the 
HCF tests. Radiography tests (RT) were carried out on the machined samples to identify the defects which were 
subsequently categorized into the following groups as shown in Figs. 1 (a-e):  (a): non-defective, (b) small defects, 
(c) intermediate defects, (d) large defects and (e) surface defects. However the nature of information derived from 
the RT images was qualitative. Thus computerized tomography (CT) of specimens from each group was carried out 
to quantify the location and size of the defects. The CT of the specimens was used to calculate defect fraction (DF) 
for the small, intermediate and large defect groups. The DF, expressed as a ratio of the defect area to the cross-
sectional area of the gauge length is tabulated for different defect groups in Table 2. 
 
 The specimens were exposed to HCF cycling on a RUMUL electromagnetic resonance machine at room 
temperature using two different stress ratios of R=-1 and R=-0.1. Maximum stress (σmax) ranging from 175 to 290 
MPa and alternating stress (σa) in the range of 96.25 to 159.5 MPa were employed for R=-0.1. Similarly, the 
specimens were subjected to σmax values ranging from 140 to 300 MPa for R=-1. Scanning electron microscopy 
examinations were carried out on the failed samples in order to understand the nature of damage and evaluate the 
role of defects.  
 
3. Results and Discussion  
 
 The HCF life data obtained is summarized in Table-3. The specimens with surface defects showed the 
lowest HCF life, with the major crack initiating from the defect. 
 
3.1 Influence of Variation in Mean Stress on HCF Life 
 
 HCF tests at different R-ratios showed the detrimental effect of mean stress on the cyclic life of NAB, 
irrespective of the defect grouping (Table-3 and Fig. 2 (a) to (c)). However, for a fixed ıa, an increase in the R-ratio 
resulted in a decrease in the HCF life. Further, the decrease in the fatigue life was observed to be significantly more 
pronounced in the case of specimens with large defects which could be attributed to the combined effect of 
increased defect size and increased surface proximity. However, in case of specimens with small and intermediate 
defects, the distinction is not clear due to a similarity in the size of the defects and proximity of the defects to the 
outer surface of the specimens in both the groups. 
 
3.3 Influence of Size and Location of Defect  
 
 The size of the defects and their proximity to the surface of the specimen were seen to have significant 
bearing on the HCF life. It was observed that the non-defective specimens yielded maximum lives whereas the 
specimens with surface defects showed the lowest lives. The cracks were seen to originate from the surface defects, 
in the latter case. It was also observed from the plot of σmax vs. Nf pertaining to various defect groups (Fig. 3) that the 
variation in fatigue life between non-defective, small and intermediate defect specimens gets more pronounced with 
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decreasing σmax. This observation is consistent with the fact that fatigue life generally shows a larger scatter in the 
low stress, long-life regimes, as compared to that at the higher stress or lower life regimes, even on defect-free 
samples. 
 
 The synergistic influence of defect size (represented by DF) and surface proximity of defects on fatigue life 
was also studied and Fig. 4 shows that  a specimen with a larger defect lying far away from the surface was giving 
higher fatigue life compared to a specimen with a smaller defect lying closer to the surface. Therefore, the influence 
of surface proximity has been found to override the influence of the size of the defect 
 
3.4 Fractography 
 
 Fractography of the failed samples was carried out in order to evaluate the influence of defect size and 
location on the HCF life of the alloy. The cracks were seen to originate from the near-surface defects, wherever 
applicable. A correlation of the test data presented in Table-2 with the SEM fractographs presented in Figs. 5-6 and 
the results tabulated in Table-4 brings out two clear inferences: 
 
(a) Defects negatively influence the HCF life of NAB. 
(b) Defect location has a significantly greater influence on the HCF life than its size. This finding is in line with 
what was reported in the case of nodular iron by Nadot et al. [5]. 
 
4. Conclusions 
 
 The following conclusions can be drawn from the work carried out with regard to the fatigue damage 
characterization of NAB: 
 
(a) Mean stress was observed to have a significant influence on the fatigue life, irrespective of the size of the 
defects. An increase in the tensile mean stress resulted in a reduction in the HCF life.  
(b) The fatigue life of the alloy was observed to be influenced by the following factors: 
 
(i) Defect size: The HCF life was found to reduce with an increase in the size of the defect. 
(ii) Surface proximity: Surface proximity of defects was seen to have an important bearing on the HCF 
properties; a specimen with a larger defect located deep inside, showed a higher life than that with a 
smaller defect located very close to the surface.   
(iii) Maximum stress: The variation in fatigue life between non-defective, small and intermediate defect 
specimens got more pronounced with decreasing σmax. 
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List of Tables 
Table 1: Chemical composition of NAB. 
Element Cu Al Ni Fe Mn Mg Si Pb Sn Zn 
Wt. % 79.5 8.1 4.8 3.8 0.7 <0.02 0.1 0.1 0.1 0.6 
 
Table 2: Defect fraction calculation. 
 
Defect Group Defect fraction (DF) 
Small defect 0.153 
Intermediate defect 0.204 
Large defect 0.293 
 
Table-3: HCF data obtained for various classes of defects 
 
 
R σmax (MPa) σmin (MPa) σa (MPa) σm (MPa) Nf (Cycles) Class of defect 
-0.1 175 -17.5 96.25 78.75 107 
Small 
defects 
-0.1 200 -20 110 90 4.62×105 
-0.1 200 -20 110 90 9..64×105
-0.1 225 -22.5 123.75 101.25 6.49×106
-0.1 250 -25 137.5 112.5 4.3×106
-0.1 250 -25 137.5 112.5 4.76×106
-0.1 270 -27 148.5 121.5 2.39×106
-0.1 290 -29 159.5 130.5 3.27×104
-1 140 -140 140 0 107 
-1 200 -200 200 0 105
-1 250 -250 250 0 5.63×104
-1 170 -170 170 0 2.42×106
-1 250 -250 250 0 1.16×105
Non-
defective 
-1 300 -300 300 0 7.7×103
-0.1 250 -25 137.5 112.5 7.18×106
-0.1 280 -28 154 126 2.7×106
-0.1 175 -17.5 96.25 78.75 9.4×106
Intermediat
e 
defects 
-0.1 250 -25 137.5 112.5 1.4×106
-0.1 225 -22.5 123.75 101.25 1.86×105
-0.1 270 -27 148.5 121.5 4.67×103
-0.1 260 -26 143 117 1.94×106
-1 200 -200 200 0 5.6×106
-1 200 -200 200 0 7.2×103
Large 
defects 
-0.1 225 -22.5 123.75 101.25 3.47×104
-0.1 270 -27 148.5 121.5 8.8×103
-0.1 290 -29 159.5 130.5 9.3×104
-0.1 175 -17.5 96.25 78.75 1.73×105 
-0.1 175 -17.5 96.25 78.75 105 Surface 
defects -0.1 220 22 121 99 4.1×10
3
-1 200 -200 200 0 103 
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Table-4: Comparative analysis of SEM images and HCF data.
SL
No 
Groups
being
compared 
σmax 
(MPa)
R Defect
size
(mm2) 
Surface 
proximity
(mm)
Nf (Cycles) Remarks 
1 Non-
defective
250 -1 -NA- -NA- 1.16×105 Existence of defect has an 
adverse effect on life. 
Small 250 -1 3.844 0.822 5.63×104
2 Small 200 -0.1 3.463 0.39 4.62×105 Surface proximity overrides
the influence of defect size 
on life.
Small 250 -0.1 3.609 2.622 4.76×106
3 Large 270 -0.1 5.475 0.45 8.8x103
Large 290 -0.1 3.476 1.83 9.3x104
List of Figures
(a)                       (b)                         (c)                            (d)                        (e)      
Fig. 1: Representative RT images of specimens pertaining to (a): non-defective (b): small defects 
(c): intermediate defects (d) large defects and (e) surface defects 
(a)
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Fig. 2: Mean stress effect on life for (a): 
(c)
 
Fig. 3: σmax vs. Nf  sh
 
(b) 
 
(c) 
small defect specimens, (b): intermediate defect specimen
: large defect specimens. 
 
owing the effect of defects on fatigue life. 
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Fig. 4: Effect of distance from surface and defect size on fatigue life. 
 
            
 
(a) (b) 
Fig. 5 (a): SEM image for Non-defective specimen. (b): SEM image for specimen with small defects. 
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  Fig. 6 (a) & (b):  SEM image for specimen with large defects. 
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